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Sorivudine and 5-fluorouracil; a clinically significant drug-drug interaction
due to inhibition of dihydropyrimidine dehydrogenase

Robert B. Diasio
Department of Pharmacology and Toxicology, Division of Clinical Pharmacology, University of Alabama at Birmingham, Birmingham, AL 35294, USA

Sorivudine (1-b-d-arabinofuranosyl-E-5-[2-bromovinyl] uracil; BV-araU;
SQ32,756) is an antimetabolite which is a synthetic analogue of thymidine. This
drug has demonstrated antiviral activity against varicella zoster virus, herpes simplex
type 1 virus, and Epstein-Barr virus. Clinical studies in Japan and subsequently
worldwide showed this drug to be a potent agent for treating varicella zoster
infections. Although in general well tolerated, a fatal drug interaction with
fluoropyrimidine drugs was subsequently observed. While three deaths resulting
from this interaction were recognized to have occurred during the initial clinical
evaluation in Japan, the full impact of the interaction was not recognized in Japan
until post-marketing when an additional 23 cases of severe toxicity were reported
including 16 patients who subsequently died from fluoro-pyrimidine toxicity.
Worldwide recognition of this potentially fatal drug-drug interaction led to
subsequent disapproval in the US and elsewhere. The interaction has been shown to
be due to suppression of 5-fluorouracil (5-FU) catabolism, resulting in higher levels
of 5-FU than would normally be observed. The mechanism of this interaction is
mediated through inhibition of the 5-FU rate-limiting catabolizing enzyme
dihydropyrimidine dehydrogenase (DPD) by the BV-araU metabolite BVU. This
drug-drug interaction of sorivudine and 5-FU further emphasizes the critical
importance of DPD on the clinical pharmacology of 5-FU.
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conversion by a specific thymidine kinase present in certain
Introduction

DNA viruses to nucleotides which can in turn interfere
with viral DNA synthesis [2]. This viral thymidine kinase isOver the past few decades, there has been an awareness of

the increasing frequency of drug-drug interactions [1]. different from the thymidine kinase present in mammalian
cells. Sorivudine is not a substrate for mammalian thymidineNevertheless, it is important to emphasize that physicians

and pharmacists must continue to have a high degree of kinase, thus explaining the selectivity of this drug. Sorivudine
has antiviral activity against several viruses including varicellavigilance for the possibility of new drug-drug interactions.

Patients today are typically treated with an ever increasing zoster virus, herpes simplex type 1 virus, and Epstein-Barr
virus [3]. Its antiviral activity is clinically significant withnumber of diverse agents from different therapeutic classes.

Many of the interactions that occur are in fact secondary to
drugs prescribed by different physicians who at times may
be unaware of the drugs prescribed by other physicians.
The interactions can be particularly severe when one of the
two drugs has a relatively narrow therapeutic window and
the second drug is able to alter the kinetics of the first drug.

An illustrative example of a recent drug-drug interaction
demonstrating several of these points is the interaction
between the antiviral drug sorivudine (1-b-d-arabinofurano-
syl-E-5-[2-bromovinyl] uracil; BV-araU; SQ32,756,
Figure 1) and the cancer chemotherapy drug 5-fluorouracil
(5-FU).

Sorivudine

Sorivudine is a synthetic pyrimidine nucleoside antimetab-
olite drug. It derives its antiviral activity from selective
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Figure 1 Structure of sorivudine (1-b-d-arabinofuranosyl-E-Correspondence: Professor R. B Diasio, 1670 University Boulevard, Volker Hall Room
101, University of Alabama at Birmingham, Birmingham, Alabama 35294, USA. 5-[2-bromovinyl] uracil; BV-araU; SQ32,756).
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varicella zoster infections where it has been shown to be
3000 times more potent than the currrently indicated drug
acyclovir [4]. In addition, it is attractive as a therapeutic
agent in the clinic since the dosing needed is less frequent
than with acyclovir [5].

Clinical interaction between sorivudine and 5-FU

It is now clear that even during the initial ( pre-marketing)
clinical evaluation of sorivudine in Japan, significant drug
interactions occurred. Three deaths occurred during this
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time period with inadvertant coadministration of the 5-FU Figure 2 Metabolic overview illustrating the critical position of
DPD in the metabolism of 5-FU as well as the naturalpro-drug Tegafur together with sorivudine. Following
pyrimidines uracil and thymine. More than 85% of administeredmarketing in 1993 of sorivudine in Japan, another 23 cases
5-FU is catabolized via DPD. (Abbreviations: FUH2—of severe bone marrow depression were reported in patients
dihydrofluorouracil; FUPA—fluoro-ureidopropionic acid;who were started on sorivudine therapy while still receiving
FBAL—Fluoro-beta- alanine; FUrd—Fluorouridine; FUMP5-FU or 5-FU pro-drugs. Sixteen of the 23 patients later
-Fluoro- uridine monophosphate; FUDP—Fluorouridinedied of 5-FU complications [6].
diphosphate; FUTP—Fluoro uridine triphosphate; FUdR—

It is notable that no further interaction of sorivudine with Fluorodeoxyuridine; FdUMP—Fluorodeoxyuridine
5-FU or 5-FU pro-drugs have been reported during monophosphate; FdUDP—Fluorodeoxyuridine diphosphate;
evaluation in the US or Europe [7]. This has led some FdUTP—Fluorodeoxyuridine triphosphate; BVU—bromovinyl
investigators to propose that the frequency of interactions uracil).
in Japan may have been secondary to several unique factors
in Japan including general availability of some fluoropyrim- study demonstrated that after a single dose of sorivudine,
idine drugs including some without prescription, and perhaps DPD was essentially completely inhibited. It remained
lack of pharmacy safeguards to avoid drug interactions. inhibited throughout the 10 days on drug and returned to
Despite the lack of demonstrable drug-drug interactions in baseline levels in the majority of patients by 2 weeks, long
the US and the suggestions of possible therapeutic differences after both sorivudine and BVU were no longer present [7].
between Japan and elsewhere, sorivudine failed to win These results suggest that patients receiving sorivudine are
approval by regulatory agencies in the US and Europe. not only at risk to develop potentially life threatening

toxicity from 5-FU or 5-FU prodrugs while receiving both
drugs simultaneously but also for potentially 2 weeks afterMechanism of interaction between sorivudine and
the last dose of sorivudine.5-FU

Sorivudine was hypothesized to suppress the catabolism of
Importance of DPD for 5-FU pharmacology5-FU resulting in higher levels of 5-FU [7]. The mechanism

was thought to be mediated through conversion of It should be emphasized that DPD has a critical role in the
sorivudine to bromovinyluracil (BVU), a known inhibitor clinical pharmacology of 5-FU that goes beyond the
of dihydropyrimidine dehydrogenase (dihydrouracil sorivudine interaction. This has been shown in several recent
dehydrogenase, dihydrothymine dehydrogenase, uracil studies (Table 1) that demonstrate how DPD can influence
reductase, EC1.3.1.2, DPD). DPD is the initial rate-limiting the pharmacokinetics, bioavailability, toxicity, and antitumor
enzymatic step in the catabolism of not only the naturally effectiveness of 5-FU.
occurring pyrimidines uracil and thymine, but also of 5-FU
[8, 9]. DPD occupies an important position in the overall Table 1 Importance of dihydropyrimidine dehydrogenase (DPD)
metabolism of 5-FU converting over 85% of clinically in 5-fluorouracil (5-FU) pharmacology.
administered 5-FU to 5-FUH2, an inactive metabolite, in
an enzymatic step that is essentially irreversible (Figure 2). Inhibitors of DPD alter 5-FU pharmacology

Detrimental drug-drug interaction (e.g. Sorivudine)While anabolism is clearly critical in the conversion of 5-FU
Beneficial drug-drug interaction (e.g. GW776C85)to the ‘active’ nucleotides FdUMP, FUTP, and FdUTP

(which in turn can inhibit cell replication through inhibition Circadian variation of DPD responsible for circadian
of thymidylate synthase, or through incorporation into variation of 5-FU during protracted infusion of 5-FU.
RNA or DNA respectively), catabolism controls the

Variation of DPD (in population) responsible foravailability of 5-FU available for anabolism and thus occupies
variability in 5-FU pharmacokinetics (t1/2 and clearance).

a critical position in the overall metabolism of 5-FU [8].
Variation of intestinal DPD (in population) responsible forThe actual effect of clinically relevant doses of sorivudine

variability in 5-FU bioavailabity (oral administration).(40 mg orally four times a day for 10 days) on DPD has
been evaluated in patients [7]. DPD was assessed directly by Pharmacogenetic syndrome—DPD deficiency. Small (<5%)
measuring DPD activity in peripheral blood mononuclear percent of population at risk.

cells [10] as well as indirectly by measuring the plasma
Increased levels of DPD in tumor tissue may be basis for

uracil. These levels were compared with drug (sorivudine) 5-FU resistance.
and metabolite (BVU) levels at the same time points. This
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Drug interaction of sorivudine and 5-fluorouracil

While the interaction of sorivudine with 5-FU is clearly tumour response to 5-FU. Thus tumours with high DPD
levels are relatively resistant to 5-FU, while tumours withundesireable, it should be noted that over the years there

has been a concerted effort to intentionally develop inhibitors low levels of DPD are relatively sensitive to 5-FU.
of DPD as a means of increasing the effect of 5-FU [11].
The rationale for developing these inhibitors was based on References
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